430-TP-006-001

NASA'S MISSION TO PLANET EARTH

)
\_/

EARTH PROBES

g
3
H
H
)
E]
s
2
=)
H
@
&
]
o
H

EARTH OBSERVING SYSTEM

PDPS Prototyping at the ECS Science and
Technology Laboratory: Report #5

Technical Paper

April 1995

Prepared Under Contract NAS5-60000
RESPONSIBLE ENGINEER
Narayan S. Prasad 4/10/95

Narayan S. Prasad, PDPS Scientist/Engineer Date
EOSDIS Core System Project

SUBMITTED BY

Parag Ambardekar 4/10/95

Parag Ambardekar, TRMM Development ManageDate
EOSDIS Core System Project

Hughes Applied Information Systems
Landover, Maryland



This page intentionally left blank

i 430-TP-006-001



Abstract

Using heritage ECS scierce software we asess the various processig alternative currently
available In this dudy, we focus on the gplicability and suitability of the newe Massively
Parallé Process@ (MPP9 like the Cray T3D and IBM SP2 for ECS scierce dgorithms The
objectiwe of this exerci® isto demonstrat by prototyping ways to devebp and migrat parallel
applicatiors from Symmetrc Multiprocessos (SMP9 and workstaton clustes to MPPs This
study is basel on leritage SeaWind Levd 2 ECS scierce softwae from the J& Propulsion
Laboratoy (JPL) The SMP class of machina currenty recommende for the Data Processing
Subsystm at the Distributed Active Archive Centes (DAACS) for Irl provide the cgability to
do traditiond sequentibprocessig and also multiprocessig o scierce data The SMPs are
projecteal to approab the caabilities of MPPs in the nea future Neverthelesst isimportart to
assss the statis of MPPs tha are aurrently available With substantihincreas in processing
requiremerd called for Release B and beyond, it is essentihto evaluae the newe MPPs and
study ways to migrae @plicatiors developeé on SMPs workstaton clustes to MPPs Some
initial deliveries of scierce softwae may subsequengl evolve into "Tall Pole$ for Releas B.
The traditiond MPPs were difficult to progran and macde ade lessportable Over the years the
unavailabiliy of parallelizaton tools also contributel to the difficulty in paralld software
developmenon MPPs Therefore as patt of this prototypng, we study the newe MPPs like the
Cray T3D (at JPL) and IBM SP2 (at NASA/Ames) The adud floating pant performarce & a
function d numbe of processm is calculatel for eady hardwae platform on the bass of
SeaWind executon in bah sequentihand multi-processig modes Performaie daracteristics
derived in this gudy will be utilized for ECS systens performame modelng and Data
Processing System hardware sizing. Also, the maturity of parallelization tools availdbPPs
are assessed. This informal write-up documents our experiences and findings from prototyping.
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1. Introduction

1.1 Purpose

This repot documens the recen activities of the ECS Sience and Technobgy Laboratory
(STL) prototype for sciere softwae execution. It is the one of the series of reports published for
the informd disseminabn d technicé informaton to ESDIS Instrumen Teans (ITs) and
scierce softwae developers The purpo® of thee adivities is to assss various processing
alternatives, evaluate and validate hardware architecture for the Data Processing Subsystem.

1.2 Background

As patt of the prototypng activities at the ECS STL, we aquired severa representati# and
heritage ECS scierce softwae to study various processig alternative (e.g. OSF/Distributed
Computng Environmen (DCE) [1] [2], symmetrc multiprocessig [3], distributed memory
procesgig and massivey paralld processiny availabk for processig ECS data This activity
demonstrateby prototyping ways to devebp and migraie paralld applicatiors from Symmetric
Multiprocessors (SMPs) and workstation clusters to Massively Parallel Processors (MPPs).

1.3 Review and Approval

This documen is an informd repot of Plannhg and Data Processig Systen (PDPS)
prototyping activities It does nat require review and approvad by the government Questions
regardng technic&information contain@ within this pape shoutl be aldressd to the following
ECS and or GSFC contacts:

+ ECS Contact
Narayan Prasad, PDPS Scientist/Engineer
(301)-925-0467
nprasad@eos.hitc.com

* GSFC Contact
Tonjua Hines, Hardware Manager
(301)-286-8807

thines@ulabsgi.gsfc.nasa.gov
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2. Characterization of SeaWinds Algorithm

2.1 Background

The NASA Scatterometell (NSCAT Il) scheduld to be launchel aboad the Advancel Earth
Observing Systen (ADEOS) Il spacecrdfwill acquie acarate high resoluton, continuows all-
weathe measuremestof near-surfcevecta winds ove the ice-free globd ocears crucid for
studies of tropospheg dynamies and air-sea momentun fluxes. The NSCAT 1l dat products
will consi$ of globd multi-azimuh namalized rada cross ®ction measurements25-km2
resolution ocean vector winds in bag the swaths. Thesmultiple measurements fno multiple
angles will be processe by SeaWing Levd 2 algorithm to invert the backscattemr signd to
derive wind speed and direction.

The SeaWind packag usal for Plannhg and Data Processig Systen Softwae Execution
prototyping consiss of a progran tha modek the processig d rada backscattemeasurements
to wind wectors The retrievd of wind vectos is the mog CPU-intensie portion d the
procesgng. The progran encompassemod of the dgorithm functions assignd to Levd 2 wind
vecta processig. The normalizel rada cross ®ctiors for wind retrievd are groupel into wind
vecta cells (2080 per cell). The Advancel Microwave Scanning Radiomete (AMSR) data
correcton factors are gplied, wind vectos retrieved and an unique solution selecte by
removing any ambiguities.

2.2 Data sets

2.2.1 Input data sets
The input data sets for SeaWinds Level 2 processing are:

* Simulatel measuremestof normalizel rada cross ®ctiors for one-thid o a revolution
(using a SeaWind engineemg performarce modé "flown" over a numericd weathe model
wind field) which have been time-tagged and earth-located (9 MB)

» Digital Weather Model (DWM) Data (2 MB)
* Tabulated radiation scattering model function (0.4 MB)

» Parameter control files (< 1 MB)

2.2.2 Output data sets

Level 2 near-surface ocean wind vectors per swath over the ocean (5 MB)
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2.3 Processing

2.3.1 Initialization

The initialization routines read DWM data and backscatterig modd tabulatel functions sets
processig parametersinitializes variables and arrays and selecs accurag and mocde of data
processing.

2.3.2 Computation of wind parameters

The processig for wind parametes is performel using a "rolling bufer” to collea al data
relevarnt to a particula geolocatd cdl from chronological organizel input dat files. The
following highlight the computation:

* Group normalized radar cross section for wind retrieval into wind vector cells
* Apply AMSR correction factor
* Retrieve wind vectors

» Select a unique solution by removing ambiguities

2.3.3 Output product generation

The outpu dat ae generatd in smdl burss with ead bust equa to the size of the rolling
buffer (area equal to the field-of-view of the instrument).
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3. Analysis

3.1 Introduction

The SeaWindg Levd 2 wind retrievd (henceforh called SeaWind} takes abou half the total
end-to-&d Levd 2 processang time. Therefore we targd this portion d the dgorithm to study
suitability to paralld processig for increasng throughput After souce ®de aalysis we
analyzed performance by first running in sequential mode on an SGI Challenge XL.

3.2 Develop Parallelization Strategy

The SeaWind Levd 2 wind retrievd processig is performel by first organizng data for one-
third o a revolution into smalle cells Ead cdl is processé independenyl of othe cells A

closer analysis of SeaWinds indicates that suchl-based approach allowsrfprocessigto be
performel in paralld using a multiprocessomachine In ather words the dgorithm lendk itself

to medium and fine-grainal parallelism In contrastin ou earlig prototype [3], the Pathfinder
SSMA algorithm was parallelizel in a warse-graing (at the orbit level) fashon. The stesto a
parallel SeaWinds prograis smilar to the stes outlined for the Pathfinde SSMA Precipitation
Rate dgorithm [3]. The wde has 3.5 Giga Floating Poirt Operatiors (intege and floating pant

operations agrouped together). Rough8.2 Giga Floating Point Operatioa (92% of the Level

2 software) can be run in parallel.

3.3 Performance Analysis
3.3.1 SGI Challenge XL

3.3.11 Architecture

The Challeng XL is the high end membe of the Challeng line. The XL serve supports
coherent shared memory and symmetric multiprocessing baseaDdiHz and 150MHz MIPS

RISC R4400MC 64-bt microprocessorslhe serve can be aonfigured with 2to 36 CPUs 64

MB to 16 GB of main memoy, 2 GB to 3.4TB of disk capaciy, ore to four 320 MB/sec I/O

channels and five to 25 industry-standat VMEG64 bws dots. The STL has an 8processor
Challenge XL loaned by Silicon Graphics, Inc. for evaluation purposes.

3.3.1.2 Parallelization Environment/Tool

The Powe Fortran Accelerato (PFA) [4] is a Fortran 77 source-to-sowe preprocessothat
enabls existing Fortran 77 pograns to run efficienty on S@ POWER SeriedM

multiprocesso systems The PFA analyze a progran and identifies loops tha do nd contain
data dependenciesSud loops are sak to execue in parallel The PFA automaticaly inserts
specid compileg directives in a modified copy d the origind souce ®de The PFA also
produce a numbe of files containng code and ahe information to run the program
concurrenty on multiple processorsBecaug the directives insertel by the PFA look like

standard Fortra77comment statements,does not affecthe portability of the code to nonSGI

systemsThe listing fil e optionally generatd by the PFA can be usal to identify paentid data
dependencetha preventd the PFA from running aloopin parallel The objed files prepared
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by the PFA are fully compatibé with ohjec files prepard for a serid compiler They can be
freely combined for execution.

The PFA analyze a progran for dat@a dependenceDuring this analysis the PFA looks for
Fortran 77 DO loops in which ead iteration d the loopis independenof al othe iterations If
ead iteration d the loopis wlf-containel, the systen can execue the iteratiors in any arder (or
even simultaneousl on separag¢ processons and produce the sane resut after running all
iterations.

When the PFA finds a loop with data independencet knows if the loop can be safely runin
parallel When the PFA finds a loop tha contairs iteratiors that are dependenupon dher
iterations it canna safely run the loop in parallel bu the PFA can tell what is caushg the
problem If the PFA cannd run the loop in parallel the listing file will explan wher it
encounteré problems The programme can make dange to the progran by eliminating
dependencies or restructuring sections of the code.

3.3.1.3 Timing

Figure 3.3-1 illustrates the executon time for SeaWing compiled using the PFA and executed
on 1to 8 pocessorsAll inpu dat were read from a hog attache dsk by oy one processor
(processp 0). The geolocaton d al inpu dat were performel serialy becaus there is no
inherert parallelisn in this portion d the dgorithm. However the wind retrievd and ambiguity
remova were performel in parallel The overhed in executon time is g/stan related. This
includes any time to se up resourcs before progran executon. Becaus ommunicatbn among
processa is implicit in a sharel memoy architectue like the SMP, there is no explidt data
distribution from processoO to al otha processorsThis is reflectal by the dak shadd areain
Figure 3.3-1. As the numbe of processa increasd, the time taken to execue the serid code
and I/O is constant This is in shap contras to dstributed memoy machine (discussd later)
where data ae real by the first processpand subsequenyl distributed to all othea processas to
begn paralld executon. The parallé sectiors of the program however, shows nice scalng and
directly contributes to the overall improvement in performance.

3.3.14 Speedup

The speelupis defined as the ratio of the totd executon time on n processas to tha on asingle

processarFigure 3.32 shows gealupas afunction d numbe of processorsThe ided speedup
is sown fa refererce & asolid line. The solid line with squars and dashel line in Figure 3.3-2

illustrates ealup for the parallé sectiors and the overdl program respectivgl. As expected,
the paralld sectiors exhikit almog alinear spe&up. The overdl speelupis also impressie (4.5

on 8 processors).
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Execution Time - SGI Challenge XL;
Parallel Workload = 3.2 Giga Floating Point Operation s
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Figure 3.3-1. SeaWinds Execution Time on SGI Challenge XL

Parallel Workload = 3.2 Giga Floating Point Ops
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—®— Parallel

“= O Overall

1 2 3 4 5 6 7 8
Number of Processor s

Figure 3.3-2. SeaWinds Speedup on SGI Challenge XL
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3.3.15 Floating Point Performance

For the purposs of ECS Systens Performane Modeling and hardwae sizing, it is importart to
measue floating pant performare of a hardwae basel onred scierce software Million s of
Floating Point Operatios (MFLOPS was slectal as a measue becaus the airrert verson d
the ECS Systens Performace Modd acceps performame figures in venda rated peak
MFLOPS The venda rated MFLOPScan then be ajustad by including a processig efficiency
facta for both sequentialrad multiprocessng alternatives The performamce estimatonis based
on the paralld sectiors of the progran with 3.2 Giga Floating Point Operations The vendor
rated peek theoreticé floating pant performamre for SG Challenge XL is 75 MFLOPS per
processar Figure 3.3-3 illustrates totd floating pant performarme (left scalg and average
floating pant performarce per processo (right scale) On the bass of single aad multiprocessor
runs of SeaWinds, the total MFLOPS ranged fidiior a single processpto just ove 100with
al 8 processorsThis averags to abou 14 MFLOPs per processqrabou ~20P6 processor
efficiengy. Unlike MPPs (discussd later), the average floating pant performarce pe processor
does not drop with increase in number of processors.

Parallel Workload = 3.2 Gflo p

120

IS
[S)

[ 1 Total 1T

w
(5]

100
—®—— Average per
Processor 30

@
o

25

— . |
L] A
- [ a—a——n
10
20
0 H : : : :
1 2 3

4 5 6 7 8
Number of Processor s

[Mflops]

Total F.P. Performance [Mflops]
£y (o2
o o

Average Per Processor F.P. Performance

&

o

Figure 3.3-3. Floating Point Performance of SGI Challenge XL for SeaWinds

3.3.2 Workstation Cluster

3.3.2.1 Architecture

The ECS STL distributed/paralle testbel consiss of a dusta of workstatiors with
characteristis as siown in Table 3.3-1. The workstatiors are @nnectd togethe by a Fiber
Distributed Data Interface (FDDI) with a peak transfer rate of 100 Mb/s.
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3.3.2.2

Parallelization Environment/Tool

The parallelizaton tools usel for creatng paralld and dstributed applicatiors are xXHPF and
FORCE 90 Distributed Memory Parallelize (DMP) from Applied Parallé Researb (APR).
FORCE 90 is an interactive GUI-basel parallelizer while xHPF is a batdh parallelizer Their
features include:

* Automatically converting a Fortna77 pogram intoa parallel Singé Program, Multipé Data

(SPMD) program to run on multiple processors.

» Parallelization of DO loops

* Interactive review of parallelization strategies using FORGE interactive DMP

» Parallé runtime performare analyss for locating interprocessocommunicatn bdtlenecks
and load balancing problems

* Suppot of severh messag passng libraries including Parallé Virtual Machire (PVM),
Linda, and Express

Table 3.3-1. Workstation Cluster Characteristics

Characteristics DEC HP715/50 HP735 SGI R4000 | Sun Sparc IBM
3000/300 10 RS6000/34H
No. of workstations 1 1 2 1 3 1
Operating system OSF/1 HP-UX HP-UX IRIX Solaris AIX
CPU architecture Alpha AXP PA-RISC with PA-RISC with MIPS R4000 SuperSparc RISC
integrated integrated floating
floating point point co-
CO-processor processor
No. of processors 1 1 1 (each) 1 (1 each) 1
Clock speed 150 MHZ 50 MHZ 99 MHZ 100 MHZ 40 MHZ 50 MHZ
Cache 512 KB 64 KB 256 KB 16 KB 36 KB 32 KB

Peak performance

91 SPECfp 92
66 SPECint 92
24 MFLOPS

72 SPECfp 92
36 SPECint 92
13 MFLOPS
69 SPECmarks
62 MIPS

150 SPECfp 92
80 SPECint 92
40 MFLOPS

147 SPECmarks

124 MIPS

61 SPECfp 92
57 SPECint 92
16 MFLOPS

60.2 SPECfp 92
50.2 SPECint 92
22.9 MFLOPS

64.5 SPECfp 92
29.7 SPECint 92
15 MFLOPS

3.3.2.3

Parallel Performance Analysis

Both FORGE 90 and xHPF allow for the instrumentatn d parallelizel programs thg generate
to produce atiming report When run ona targe platform they profile the programs parallel
performarce and identify data communicaton as well as routine and loop timings The
parallelizel program can thus be fine tuned by restructunng the wde or insertng drectives to

alter data partitioning or loop distribution decisions.

3-5
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3.3.24 Automatic Parallelization

This is the first step in parallelizing a Fortran progran by using DMP's automatc aray

distribution capabiliyy to derive an initial parallelizaton strategyy. The FORCGE 90 DMP's Data
Decompositon facility further refined the parallelizaton by interactivey specifying
decompositbn and selectng arrays for partitioning while viewing the implicatiors of these
decisions The Data Decompose implemens eithe BLOCK or CYCLIC distributiors along
multiple dimensionswith eithe FULL or SHRUNK memoy allocaton. With full allocaton, an

array s allocata in its origind sizeon eat processarWith shrunkallocaton, ead processois

allocatel oy enoughmemoy for an array to hdd the demens that it owns The DMP's Loop

Spreade allows interactive or automatt selecton o loops Unde automatt selecton, DMP

uses actua runtime executon statistis and the gopearane of distributed arrays to determire the

beg loops to parallelize oktaining Hgher parallelizaton ganulariy and reducel communication
costs.

3.3.25 Interactive Fortran Parallelization

The DMP was usal to sprea loops and dstribute arays acress clustes of networked
workstationgnteractively The parallelized program is fully scalable, with calls to APR's parallel
run-time library, interfachng PVM or Messag Pasang Interface (MPI). With the SPMD
parallelizaton stratgy, the sane progran runs on ead compue node while selecte DO loops

are rewritten to automatically distribute their iterations across the clustered nodes.

3.3.2.6 Timing

The eecuton times for a duste of SA Indigo, two HP73% and HP715 in tha orde is
illustrated in Figure 3.34. PVM was usal for messag passng among pocessorsData were
read from a hog attachd dsk. In a heterogeneaicluste comprisng d machine of different
makes and speel, adering d nodes can impad overdl performance This is becaus the
assignmenof work (load balancing is determiné at run time. The slowa processo can be
assigned work that is more intensive and the faster processoe essigned a smaller workload.
Load balanchg is not performa& automaticaly by the parallelizaton tools However the
programme has the dhoice of decomposig a problen (BLOCK or CYCLIC decompositin o
array9 using the parallelizaton tools to aid a more even dstribution d load. An ogimal
configuraton is determiné iteratively. As shown in Figure 3.34, the optimd configuraton that
we obtainal achievel speelup comparal# to the SA Challeng XL. However urike the SGI
Challeng XL where only ore processo performel all read/wrie operationswe dlowed each
workstation on th duster to perform 1/O operations in parallel. Each processor ultimately owned
the data it processed. Because data were read congubeatd node, no cata were distributed
to the other processors across the network. Concurrent or parallel /O cead@@dudistribution
overhead substantially.
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Workstation Cluster (SGI Indigo, HP735, HP735, HP715 )
Parallel Workload = 3.2 Giga Floating Point Operations
Concurrent I/O

500

450

M overhead
400
[ Parallel

w
a
o
I
T

M serial+l/0

()
o
o

Execution Time [sec]
= = N N
o o o a
o o o o

| |

T T

al
o

o
i

1 2 3 4
Number of Processor s

Figure 3.3-4. SeaWinds Execution Time on Workstation Cluster

3.3.2.7 Speedup

The speelupis defined as the ratio of the time taken for the progran to execué on n processors

to tha on a single processarFigure 3.35 upper and lower panes illustrate the speelup d

SeaWind for the paralld sectiors and the overdl program respectivel. If a duste is

homogeneosi(i.e. al machine in the duste are identical) then the ided speelupis a simple

straight line relationship. If a cluster is heterogeneous (i.e. it is made up of processors that are
Workstation cluster (SGI Indigo, HP735, HP735, HP715);

Parallel Workload = 3. 2 Giga Floating Point Operations;
Concurrent I/O

12

10 +

— & — |deal for
Homogeneous SGI
Indigo Cluster

—&— Parallel

Speedup
(o))

— O— |deal for
Homogeneous HP735
Cluster

Number of Workstations

** Speedup is dependent on ordering of nodes
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* |f processors of different clockspeeds are used, we woul d have a lower bou nd and an upper bound that

encompass the actual speedups. The HP735 wa s ~3 times faster than SG | Indigo. The slowest machine (SGI)
in the cluster determin es the lower bound, while the fastest machine (HP735) determines the upper bound.

Figure 3.3-5. SeaWinds Speedup on Workstation Cluster

nat identical), then speleipis dictatel by the slowest ad the fastes machineson the duster On
the basek of performarce @mpari®n wsing severa scierce softwae (Pathfinde AVHRR/Land,
Pathfinde SSMA Precipitaton Rae and SeaWinds) we determiné tha the HP735 is
approximatey 3 times fastethan tke SA Indigo. Therefore, tk ideal spedupfor a hypothetical
cluste of HP735 workstatiors is represente as the uppe bound,and the ided speelup for a
hypotheticé cluste of SG Indigo workstatiors is represente as the lower bound(dashe lines
in the uppe pane of Figure 3.3-5) The HP715and SG Indigo workstatiors are ammparabe in
their speel. The speelup was normalizel to the SA Indigo. When SeaWind executd ontwo
processa (SA Indigo and HP735) the workload was approximate} sgit in half. This explains
a speelup slightly greate than 2. The slowa processp limits any dramattc increag in the
speelup. With an additiona HP735, work was divided three-wg with approximate} two-thirds
of the totd work performeal by the faste HP735workstations The slope of the spe@up curve is
now almog paralld to the slope of the ided curve representig a duste of HP735workstations.
Addition d a slowe HP715 workstaton forced the speelup to approab the lower bound.Note
that data were read concurrgnin ead noce. Therefore, e&acnoce owned tk dat it processed.
Figure 3.3-5 (lower panel) illustrates the overall speedup.

3.3.2.8 Floating Point Performance

Figure 3.36 illustrates the aumulative floating pant performare (left scalg and the arerage

floating point performance per processor (right scale). The rated peak MFLOPs of each processor
is also representie The floating pant performame was calculatel for the paralld sectiors of the

cock with 3.2 Giga Floating Poirt Operatios workload. This translate to an averag of 34%
efficiency for the entire cluster.
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Workstation cluster (SGI Indigo, HP735, HP735, HP715); Parallel
workload = 3.2 Giga Floating Point Operations; Concurrent I/O
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Figure 3.3-6. Floating Point Performance of Workstation Cluster

3.3.3 Performance Analysis on IBM SP2

3.3.31 Architecture

We usa the IBM SF2 paralld compute at NASA/Ames for this gudy. The NAS SR is

essentialf agroup d IBM RS6000590 workstatiors connectd by a fas netwok with software
tha makes it appea like asingle parallé computer An SP2 compute can be compose o

"wide" nodes which are RS6000590 workstatiors or "thin" nodes which are RS6000/390
workstations The NAS IBM SP2 consiss entirely of wide nodes Wide nodes hawe more
expanson capabiliyy, bu the main dfference is tha they have two o four times the memory
bandwidh o thin nodes The RS6000590 workstaton is bas&l ona POWER2 multi-chip RISC

processor. Features of the processor include:

* Clock rate: 66.7 MHz

» Data cache: 256 Kbytes (on wide nodes with 4 or 8 memory cards)
* Two integer computation units

» Two floating-point computation units

The nodes on an SP2 are onnectd by a high-performane switch. The switch can transfe data
between SP noces with 1 microseand latency ad 40MB/s bi-directional bandwidit Message
passing is the only parallel programming paradigm currently supported by the IBM SP2.

3.3.3.2 Parallelization Environment/Tool
The sane parallelizaton tod (xHPF/FORG 90) availabk for workstaton cluste is also
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availabk on the NAS IBM SP2. As we had alrealy parallelized bah the SSMA Precipitation
Rate dgorithm and the SeaWind algorithm using X-HPF on a distributed workstaton cluster it
was a trivial exercise to port the parallelized SeaWinds code to the SP2.

3.3.3.3 Timing

3.3.3.3.1 I/O On Multiple Nodes

We tested two versions of SeaWinds, the first of which performed I/O operations fromoslc
and dd na distribute the datg the seond \erson dd I/O only from node 0 and dstributed the
data to the gpropriat nodes When I/O was performel onmultiple nodes the progran scaled
only to four processors We beliewe tha 1/0 overhed dfset any gains mack from parallel
processig. Ead nock had to read the sane input file, and the entire input file, before
proceedng to the parallelizel sections The more processa we aldad, the worse the I/0O times
becane @& more and more processas tried to real the input file. Concurren 1/O is not
recommende if al the process® hawe to read the sane file, especialy when the file is very
large Performage was very good when ead processo read from a wpy d the input file.
However, with large data files many copies becomes prohibitively expensive storage-wise.

3.3.3.3.2 I/0O On One Node

The executontimesillustrated in Figure 3.3-7 are representé as srid + /O (this includes data
distribution acrass multiple CPUs from node 0), the time within the paralld sectiors of the
progran and systen overhed includes time spert waiting for resouce dlocation. The system
overhed includes any time spen waiting for systen resource prior to progran executon. The
datdistributionis included in tle parallel sections becaeig is performeal by drectives inserted
by the parallelizaton tool FORGE 90/xHPF. It ca be sea tha overhed time can be substantial
when multiple processa are requestd. It is not clea why the overhed is substantialy higher
for two processorsThe run was verified by repeatng severé times on dfferent days We
speculag tha it may be due to the system configuraton. The parallé sections howvever, scale
very nicely upto 64 pocessorsCommunicain speel can impad overdl throughpu if node 0
performs 1/0O and distributes data to all other notésfoundthat the IBM SP2 datdistribution
using PVM was dow and can seriousy affed overdl performance However with Message
Pasang Interface(MPI) and IBM's native Messag Passang Library (MPL), ou experiere was
more positive (discussd later unde Purdie Benchmarks) MPL is IBM proprietay and is
optimizead for the SP2 architecture Therefore superio performare is expectd. We @uld na
repeda the SeaWind run wsing MPI becaue parallelizaton was performal using FORGE
90/xHPF, which at the time of thiswork did na suppot MPI as a messag passing library. Note
that I/O, data distribution and other overhead are dependent on the system configuration.
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Execution Time - IBM SP2;
Parallel Workload = 3. 2 Giga Floating Point Operations
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Figure 3.3-7. SeaWinds Execution Time on IBM SP2

3.3.34 Speedup

Figure 3.3-8 illustrates the speedup of the parallel sectrmhsarall program on the IBM SP2.
Theideal spedupis srown fa reference The speelup d the parallé sectiors of the program is

velry impressie on the IBM SP2, while overdl speelup is discouragng. The degradatn in

overall performance is predominantly attributed to the poor performance in distributing data from
nock O to the various processa and the large overhed time asociatd duing ead execution.

We foundtha PVM messag passing library can degrack performarme onthe IBM SP2. Instead,

MPI is recommended as a message passing library.

Speedup on IB M SP2
Parallel Workload = 3.2 Giga Floating Point Operation s
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Figure 3.3-8. SeaWinds Speedup on IBM SP2
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Figure 3.3-9. Floating Point Performance on IBM SPZ2 for SeaWinds

3.3.35 Floating Point Performance

The IBM SP2 has a venda ratad theoretich pe& processo spee o 266 MFLOPS per
processor. Figure 3.3-9 illustrates the total flogipant performarce (left scalg¢ and the average

per processo floating pant performare (right scalg for the parallé sectiors of the SeaWinds
progran containng 3.2 Giga Floating Point Operations The totd floating pant operations
varied from 30 MFLOPS for a single processp to 640 MFLOPS for 64 pocessors This
translate to ~30 MFLOPS per processowhen upto 8 pocessas are usal. When 64 pocessors
were usel, floating pant performamre degrads to 10 MFLOPS per processar The IBM SP2
operated at 11% of rated peak MFLOPS on 1 processor, decreasing to 4% for 64 processors.

3.3.4 Cray T3D

3.34.1 Architecture

We usal the Cray T3D at JAL for this gudy. It is a 256-nocek systen with a DECchp 21064
cache-baskreducel instructon sé¢ computng (RISC) microprocesso rated at 150 MFLOPS
pe& performarte per processar with pipelined functiond units tha can isste multiple
instructiors per cycle, and suppors 64-ht floating pant arithmetic Eady Processig Element
(PE) comprises ba DEC Alpha microprocessowith locd memoly. The PEs are mnnecte by a
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very fag bi-directiona 3-D torus g/stam interconnet netwok with pea interprocessor
communicatn rates of 300 MB/s in evel direction through the torus resultng in upto 76.8
GB/s of bisection bandwidth. Other features include:

e Multiple Instructon, Multiple Data (MIMD) architectue with Single Instruction Multiple
Data (SIMD) support

» Physically distributed, globally addressable memory
* 2to41/0 gateways with 1.6 GB/s peak 1/0 bandwidth

» Cray Researh Adaptive Fortran (CRAFT) programming modd with Data Parallel
Programming Method and Message Passing with Cray optimized PVM

» Cray Tools with advanced programming utilities

» High-level performance analyzer

3.34.2 Parallelization Environment/Tool

The CRAFT programming modé incorporate both the traditiond dat paralld and message
passng MPP programming styles with tle newea work shamg capabilily. Parallel work can thus

be distributed at all | evek within the program from the subroutire to the individud loop,to an

array. Parallelism cabe eplicitly expressed ttiughmessag passing library calls or implicitly

through data parallel constructs and directives, taking advantage of the compiler to distribute data
and work. For parallelization of SeaWinds, CRAFT was used with data parallel and work sharing
capabiliyy, and through paralld construcs and drectives allowing the compiler to automatically
distribute data and work.

There ae othe parallelizaton tools availabke for the Cray T3D. However since FORGE
90/xHPF was not availabke & JAL at the time of this prototypng, we decidel to use CRAFT
instead to parallelize SeaWinds.

3.3.4.3 Timing

At JPL, the Cray YMP was th front-end machire for the Cray T3D. Tte Cray YMP received all
jobs submitted to the Cray T3D and performed all 1/0 operationsThe data were then sen to the
Cray T3D for processig. Figure 3.3-10 illustrates the executon time for SeaWing on the Cray
T3D. The execution time is represented as the time taken for the serial portions including I/O, the
parallel sectionsfahe wde aad system overheh The overhead includes waime for resources
before progran executon. This includes wait time to get resource to begin progran execution.
The data distribution from processig elemer O is included in the paralld sectiors of the mde.
CRAFT insers directives into the progran to dstribute data to the gpropriae processing
elements The paralld sectiors of the ade scak nicely and gves the beg performamre on 64
PEs However the time spen by the serid sectiors of the ade including I/0 is constam taking
up approximate}l 27% of the totd executon time on 1 pocessorSixty-four processa appears
to be optimal for the given workload.
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Figure 3.3-10. SeaWinds Execution Time on the Cray T3D

3.344 Speedup

Recdl that spedupis defined as thratio of the totd executon time on n processas to that ona
single processarFigure 3.3-11 represers pealup as a function d numbe of processa for the
paralld sectiors and for the entire program The ided speelup serves as reference The speedup
within the paralld sectiors of the progran peals to 25for 64 pocessorsHowever due to the
large system overheaddthe time spent performmg I/O operationson the front-end Cray YMP,
the overdl speeup dops to 2.5 for 64 pocessors Excluding configuraton dependent
parametes like systen overhed and 1/0O operatios on the front-end Cray YMP, the Cray T3D
appears to be an impressive parallel computer.
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Parallel Workload = 3.2 Giga Floating Point Operation s
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Figure 3.3-11. SeaWinds Speedup on the Cray T3D

3.3.4.5 Floating Point Performance

The pe floating pant performamre & rated by the venda for eat processoon the Cray T3D

is 150 MFLOPS Figure 3.3-12a shows the totd floating pant performare (left scalg and the
avera@ floating pant performarce pe processo (right scale) The floating pant performare is
calculated within the parallel loop for a workload of 3.2 Giga Floating Point Operations. Floating
point operatios are usal in a generéd seng and includes intege operations The totd floating

point performarme gradualy increase from ~25 MFLOPS for one processar pealks at 64
process® to ~600 MFLOPS and then falls rapidly for 256 pocessors Interprocessor
communicatn cause overdl degradatn in floating pant performance The floating pant
performamre per processor decreases from %laf the rated peak MFLOPSfor one processoto

7% for 64 processors.

We performel experimens to determire the dfect of workload on floating pant performance.
Figures 3.3-12be illustrate the results The parallé workload within the progran was increased
from 3.2 Giga Floating Point Operatiors to 407 Giga Floating Poirt Operatiors (seeFigure 3.3-

12b) and dtimately 3261 Giga floating pant operatiors (see Figure 3.3-12c) The floating pant

performarce pe processo shows a dramatc improvemen and asymptoticaly approache 17

MFLOPs (11% of rated peak MFLOPS) even for large numbe of processa (up to 259. We

foundtha the Cray T3D requires a large workload for multiprocessig (especialy with large

numbe of processorsin order to maintan the sane performarce & that for a single processor
execution.
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Parallel Workload = 3.2 Giga Floating Point Operation s
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Figure 3.3-12a. Floating Point Performance of the Cray T3D for 3.2 Giga Floating
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Parallel Workload = 407 Giga Floating Point Operation s
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Figure 3.3-12b. Floating Point Performance of the Cray T3D for 407 Giga Floating
Point Operations Workload

Parallel Workload = 3261 Giga Floating Point Operation s
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Figure 3.3-12c. Floating Point Performance of the Cray T3D for 3261 Giga
Floating Point Operations Workload

3.3.2 Performance Comparison of Various Hardware Platforms

The performare of SA Challeng XL, IBM SP2 and workstaton cluste relative to the Cray
T3D as afunction d numbe of processa@is hown in Figure 3.3-13. The performancs of the
entire progran (solid lines) and the paralld sectiors (dashd lines) of the mde ae illustrated.
The overdl throughpt performaree of the SA Challeng XL increass with increag in number
of processors The sharel memoy architectue of SA Challengg makes interprocessor
communicawn implicit. For 8 processorsperformarce is approximate}t 1.8 times greate than
the Cray T3D. The Cray YMP, as the front-end to the Cray T3D performeal al 1/0 operations.
The overdl throughpa for workstaton cluste (SA Indigo, 2 HP73% and HP715 with
concurren /O (eat nock reads input dat independenyl and there is no large scak distribution
of daia from noce 0) increass to abou 1.2. This improves the overdl performare relative to
the Cray T3D. The workstation cluster with lé@ oy one no@ (noce 0), then dstributing cata
to the other nodes demonstrates a dramatic degradatperformance. TeIBM SP2 performed
consisteny slowe than the Cray T3D for multiprocessig becaus dat distribution is not as
efficient as the Cray T3D when PVM was usal as the messag passng library. Further
experimeng with ather benchmarkig prograns (Purdie benchmark discussd later) indicates
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that MR and MPL can provide bette performamce on the IBM SP2. We could na ted the use of
MPI/MPL for SeaWing becaus the verson d Forge 90/xHPF we usal dd na suppot the use
of MPI/MPL on the IBM SP2.

As a paralld processo (represente as dotted lines in Figure 3.3-13 for the paralld sectiors of
the program), tle Cray TP and IBM SF2 are far more superia to the SGA ChallengeHowever,
for smdl numbe of processa (lessthan 32, the IBM SF2 perforns bette than the Cray T3D.
The performarce is certainy better on the Cray T3D when large numbe of process® is used.
Again, the reader should recall that PVM was used as a message passiygtibirariBM SP2.
Both MPI and MPL are proven to be better than PVM for message passing.

Figure 3.3-14 shows 10 and data distribution for the SGA Challeng XL, workstaton cluste and
IBM SP2 relative to the Cray T3D (I/O is performel by the front-end Cray YMP). The
performare of 1/0 (1 processo for the SG Challeng XL isjust over 3 times tha of the Cray
YMP. However data distribution (for multiple processonson the SG Challeng is implicit
becaus of the sharel memoy architectureThe SG Challeng XL outperforns the Cray YMP.
Workstaton cluste with concurret I/O (eat nocdk reads data and owvns dai to be processed)
also performs bette than the Cray. The IBM SF2 I/O (1 processo) is comparale to the Cray,
but the poar dai distribution speed (when PVM was ugetkecreases performea & the number
of processors increagaNorkstaton clusters with serial @ (dataread on no@ 0 and dstributed
to ather nodes by PVM) perforns poorly due to excessie overhed associatd with dstributing
data acoss an externd interconnectlt is importart to nde tha the systen configuraton can
impact overall performance of a program.
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Figure 3.3-13. Processing Performance Comparison of Various Hardware
Platforms
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1/0 and Data Distribution Performance of SGI Challenge, IBM SP2, and Workstation Cluste r
Normalized to Cr ay T3D**

4
35 7
b Aemenmnn N Dmemmms A
% s ——— /O (Cray T3D/Cray T3D)
® |
%, ---%-- 1/O (SGI Challenge/Cray T3D)
g 25 -- O - - |/O+Data Distribution (IBM SP2/Cray
2 T3D)
o
2 2 O------ u]
B g ---&-- Concurrent I/0 (WS Cluster/Cray
[
g T3D)
o 15 7 . T
S --- % -- Serial I/O+Data Distribution (WS
I Cluster/Cray T3D)
E 1 .
S *O-
5 O
BRREEE O
& o5 ERRRCEEE PN o
0 Froree x | | |
1 2 4 8 16 32 64 128 256

Number of Processor s

** /O for Cray T3D is performed by front-end
Cray YMP

Figure 3.3-14. 1/0 and Data Distribution Performance of Various Hardware
Platforms

3-19 430-TP-006-001



4. Caveat

The SGI Challenge runs were made from a host attached disk

The Cray T3D and IBM SF2 were not dedicatéd machines and performarce ould be
configuration dependent

The Powe Fortran Accelerato (PFA) was usal as the parallelizaton tod on the SGI
Challeng XL (FORGE 90/xHPF is availabk for the SG Challenge XL but not at the ECS
STL), CRAFT was usel for parallelizaton onthe Cray T3D (FORCE 90/xHPF is available
for the Cray T3D but nat at the JAL facility). A straigh compari®n o parallé code on all
platforms with the same parallelization tool could not be achieved.

CRAFT usal a data parallé modd with drectives to perform parallelizaton onthe Cray

T3D. Wedid not use the message passing paradigm. Howerghe IBM SP2, we used the
PVM message passing library.
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5. Purdue Benchmarks

5.1 Background

The Purdie benchmark are acollection d a s of computationbproblems that are simple yet

diverse and selectivey address differert aspect of paralld computing, enablng systematic
testng d the cmmpiler. The benchmarkig suite of fifteen problens was propose by the Purdue
University Group [5]. Most of the mmputationhproblens in this st hawe been extractel from

larger computations and may be atificial by themselves Neverthelessthey represeh a
samplhg d practicd computationseven though no always the mog efficient algorithm has
bee selectd. In particular, they represenvarious £hemes of dat@ dependenciesrom very

simple gplication with almog no interprocessocommunicatn required to more mwmplex with

large communication overhead, to irregular problems difficult to parallelize.

5.2 Purpose

Thes benchmarkag suite of algorithis are testal for automatt parallelizaton. Our god is to
demonstrag how the a@de shoutl be structurel for good prformance wha types of code
structurs to avoid in a (datg parallé programmng, and to evaluaé aitomatc parallelization
compiless that can simplify programmng for parallé computers They are usefu for training
purposes as well as to test new parallelization compiéehave used the Purdue set Fortran 77
benchmarks Benchmark in Fortran 90, Fortran 90D and Fortran for Massivel Parallel
Process@ using messag passing are dso available Refe to [3] for descripton d the Purdue
Benchmarks.

5.3 SGI Challenge
Refer to [3] for Purdue Benchmark runs on the SGI Challenge XL.

5.4 Workstation Cluster

The automatc parallelizaton ogion availabe on Forge 90/xHPF was usal to parallelize the
Purdue benchmarks. Figure 5.4-1 shows perfocmainthe benchmarks im distributed memory
workstaton cluste environment PVM was usal for messag passng. Table 3.3-1 lists the
workstations in the cluster.
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Speedup Ratios for Purdue Benchmarks on Workstation Cluster (1 of 2 )

2 Benchmark Numbe r

Speedup Ratios for Purdue Benchmarks on Workstation
Cluster (2 of 2)
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2 11 14 Benchmark Number

Figure 5.4-1. Speedup of Purdue Benchmarks on Workstation Cluster
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5.5 Cray T3D

Figure 5.5-1 illustrates the behavia of selectd Purdie Benchmak problens on the Cray T3D.
CRAFT was used to automatically parallelize the problems.

Speedup Ratios for Purdue benchmarks on Cray T3D

Speedup

64

32 Number of Processor s

16

13 4 3 2 11

Problem Numbe r

Figure 5.5-1 Speedup of Purdue Benchmarks on the Cray T3D

5.6 IBM SP2

Unlike the Cray T3D which allows for sharel memoy processng (called dstributed shared
memory) within its distributed memory architecture, the IBM SP2 is purely a distributed memory
machine This mears tha explidt messag passng libraries sould be usel to allow for
communicatn amongthe processors withm parallel sections fothe mwde Ther ae anumbe of
messag passng libraries availabke today. PVM has been the mog widely availabe and wsed
library for messag passing. More recenty, MPI has becone more popula becaus of its
standardized interfaces. Thexe dso commercial packages like Lia@nd Express for message
passing. One of the factors tha can affed the performarce of a progran is the messag passing
library used. Resuls from benchmarkag work dore @ NAS at NASA/Ames hawe indicateal that
MPL, a native messag passing library availabke on the IBM SP2 is far superia to any ather
messag passing library. Therefore we decidel to use MPL for measumg performarce of the
Purdwe Benchmarksalthough sing MPL restrics portability of the code (xHPF/Forg 90 was
not usel to parallelize the Purdwe benchmark on the IBM SP2 becaus it currently does not
support MPL). The speedup due to parallelization using MPL is illustrated in Figure 5.6-1.
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Speedup Ratios for Purdue Benchmarks on NAS IBM SP/ 2
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Figure 5.6-1 Speedup of Purdue Benchmarks on the IBM SP2

5-4 430-TP-006-001



6. Summary and Conclusions

A heritage ECS scierce softwae from JAL (SeaWindy was analyzel for suitability to parallel
processig. A parallelizaton stratgyy was develope and implemente onthe SMP, workstation
cluster Cray T3D and IBM SF2 MPPs using rative and third-pary parallelizaton tools The
performare of the progran was gudied under various processig alternativesUsing SeaWinds
as abenchmak, the acud MFLOPs deliveral by the various hardwae platforms was compared
with the rated theoretichpe&k MFLOPs It was foundthe SeaWind Levd 2 scierce softwae is
highly scalal# for multiple processorsrad is suitable for processig in parallel The onclusions
are listed below:

Parallelization developed for SMP/workstation cluster is applicable for MPPs

Migration to MPPs is smplified if the same tod tha were usel to devebp paralld code on
SMP and workstation cluster is available on the MPPs

MPP floating pant performame in multiprocessig mocde is affectal by pocessing
workload. For smalleg workloads floating pant performame degrade with increag in
number of processors.

The SA Challeng XL was bette than the Cray T3D and IBM SP2 (althoughthey are
dependent on the system configuration) in terms of overall throughput. But the Cray T3D and
IBM SP2 are certainly better parallel machines.

Workstaton cluste with concurren 1/O (eat nock reads input data and, therefore owns the
data it processes) appears promising and has the potential to equal MPPs in performance

Front-ead machins and dsk configuraton can impad 1/O performare and introduce
substantial overhead in MPPs

The IBM SP2 using PVM messag passing is dow with data distribution acrass multiple
processorsFor SeaWinds the IBM SP2 performal better than the Cray T3D for small
number of processors. However, performance degraded for large number of processors.

6-1 430-TP-006-001



7. References

[1]

[2]

[3]

[4]
[5]

PDPS Rototyping at the ECS Siernce and Technobgy Laboratory Progress Repot #2,
April 1994.

PDPS Rototyping at the ECS Sience and Technobgy Laboratory Progress Repot #3,
June 1994.

PDPS Rototyping at the ECS Sierce and Technobgy Laboratory Progress Repot #4,
September 1994, #194-00569TPW.

Power Fortran AcceleratbM User's Guide, Silicon Graphics, Inc.

Rice, J. R., and Jing, J. Problems To Test Parallel and Vector Languages. Technical
Report., CSD-TR-1016, 1990.

7-1 430-TP-006-001



8. Acknowledgments

The Cray Supercompute usal in this investigaton was provided by the Ja Propulsion
Laboratoy (JPL) PasadenaCA unde funding from the NASA offices of Mission to Planet
Earth, Aeronautics and Space Science.

The IBM SP2 usd in this investigaton was provided by NASA/Ames Moffet Field, CA under
funding from the NASA offices of Mission to Planet Earth and Space Science.

Drs. Stewe Gunte and Scdt Dunba of JAL are a&knowledgel for providing SeaWing ftware
for ECS prototyping.

Marek Chmielowsk and Scdt Bramhdl of the ECS team are sincerey appreciatd for their
diligence in programmng and implementng SeaWing in multiprocessig mode on a variety of
platforms.

8-1 430-TP-006-001



Abbreviations and Acronyms

ADEOS
AMSR
APR
CPU
DAAC
DCE
DMP
DWM
ECS
EOSDIS
ESDIS
FDDI
1/O

IBM

Irl

IT

JPL

KB

MB
MIMD
MPI
MPL
MPP
NAS
NASA
NSCAT
OSF
PDPS

Advanced Earth Observing System
Advanced Microwave Scanning Radiometer
Applied Parallel Research

Central Processing Unit

Distributed Active Archive Center

Distributed Computing Environment
Distributed Memory Parallelizer

Digital Weather Model

EOSDIS Core System

Earth Observing System Data Information System
Earth Science Data and Information System
Fiber Distributed Data Interface
Input/Output

International Business Machines

Interim Release-1

Instrument Team

Jet Propulsion Laboratory

Kilo Bytes

Mega Bytes
Multiple Instruction, Multiple Data

Message Passing Interface

Message Passing Library

Massively Parallel Processor

Numerical Aerodynamic Simulation

National Aeronautics and Space Administration
NASA Scatterometer

Open Software Foundation

Planning and Data Processing System
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PFA
PVM
RISC
SGlI
SIMD
SMP
SPMD
SSM/I
STL

Power Fortran Accelerator

Parallel Virtual Machine

Reduced Instruction Set Computer
Silicon Graphics, Inc.

Single Instruction, Multiple Data
Symmetric Multiprocessor

Single Program, Multiple Data
Special Sensor Microwave/Imager
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